Abstract: We present an overview of the survey for radio emission from active stars that has been in progress for the last six years using the observatories at Fleurs, Molonglo, Parkes and Tidbinbilla. The role of complementary optical observations at the Anglo-Australian Observatory, Mount Burnett, Mount Stromlo and Siding Spring Observatories and Mount Tamborine are also outlined. We describe the different types of star that have been included in our survey and discuss some of the problems in making the radio observations.
Introduction
During the last six years the radio observatories of Australia have been collaborating in a major survey of active radio stars. Table 1 lists these observatories, together with some of their observing parameters. At the same time, several Australian optical observatories-both large and small-have been involved in complementary optical observations (see Table 2 ).
Other papers to be presented at this meeting will describe some of the initial results of this survey (Slee et al. 1987b and Beasley et al. 1987 . In this paper, however, we
Radio Stars
The overwhelming majority of even the brightest stars in the sky cannot be detected with existing radio telescopes. This is because radio telescopes detect best those sources that are either 'big' or 'hot', or, more accurately, sources that have a large angular size or a high brightness temperature.
The radio flux density, S (mJy) measured for a star of angular diameter 6 (arcsec), brightness temperature T (K) and at an observing frequency v (GHz) is given by S= l O W u
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In particular, for the bright star Sirius we have 0 = 0.0065 arcsec, T= 10 4 K, and with v -10 GHz we find S = 0.03 mJy, which is far too weak to detect even with the largest telescopes in a reasonable time.
Equation 1 forms the basis of a useful classification of all the stars that are detectable at radio wavelengths. Those stars with extended ionized circumstellar material, emitting by the free-free process from gas with temperature around 10,000 K, are termed the thermal radio stars. On the other hand, those stars with emitting regions comparable in size to the stellar size but in which emission takes place by non-thermal processessuch as gyro-synchrotron -are termed the non-thermal radio stars. Such objects typically have brightness temperatures in excess of 10 9 K. Figure 1 shows these main groups, together with the principal sub-groups.
In this paper we shall have no more to say about the thermal stars except that a new model of symbiotic stars is beginning to emerge following recent observations at Parkes of the enigmatic object RX Puppis (see also Wright and Allen 1986) . A review of thermal objects has been given by Wright (1984) .
Our recent work has concentrated on four main sub-groups of non-thermal radio star. First are the dwarf Me flare stars. These were the earliest type of radio star known (with the obvious exception of the Sun) and have been observed since Table 2 Optical Observatories Observatory Instrument Mode A n g l o -A u s t r a l i a n Mount B u r n e t t (Monash U n i v e r s i t y ) Mount Tamborine 
P h o t o m e t r y S p e c t r o s c o p y P h o t o m e t r y S p e c t r o s c o p y P h o t o m e t r y S p e c t r o s c o p y P h o t o m e t r y S p e c t r o s c o p y
the earliest years of operation of the Parkes radio telescope principally by one of us (OBS) and colleagues. They show optical emission lines indicative of violent activity in their chromospheres. At radio wavelengths we see strong bursts of radiation lasting between a few seconds and one or two hours. Sometimes these radio 'bursts' closely follow flares seen at optical wavelengths. We believe that the flare stars produce their emission in a manner similar to the Sun, but on a much more violent scale. A notable example of this sort of object is AT Mic (e.g. Vaughan and Large 1986; Nelson et al. 1986 ).
The RS Canum Venaticorum (RS CVn) stars are close binaries. The hotter star is typically of spectral type F or G whilst the cooler object is of type K. The cooler star shows strong emission lines of ionized calcium in its optical spectrum, again indicative of chromospheric activity. The two stars orbit around each other with periods typically of a few days and are separated by only a few stellar radii. Our radio measurements have shown strong flares, lasting several days in some cases, which we believe come from regions around, and in between, the stars.
Following our initial detection of several RS CVn stars, we expanded our search to a complete sample of other Call emitting stars selected from the Michigan Objective Prism Survey (Bidelman and MacConnell 1973; Weiler and Stencil 1979) . Surprisingly, several apparently single stars were detected, including the very strong object HD 32918 (Slee et al. 1987a ). We do not yet know whether such stars have always been single objects or are, in fact, coalesced binaries.
During the last year, we have also included Algol-type binaries and AM Herculis stars in our observing lists.
The classical definition of an Algol system is of an eclipsing binary pair showing two well-defined minima in its light curve. This definition, of course, contains an element of chance, since it depends on the system's orientation to the line of sight. In some systems, mass transfer between the stars is suspected. The star Algol (0 Persei) itself was one of the first radio stars known but few others of this class have been found until recently. The Algol system 5 Lib is one important new detection from our program.
Finally, the AM Her stars are a sub-class of the group known as cataclysmic variables, which are interacting binary systems with a white dwarf primary and red dwarf secondary. They are distinguished from other types of cataclysmic variable by having strongly magnetic (around 30 MG) primaries. This prevents the formation of an accretion disk around the white dwarf: accretion takes place (approximately) radially on to one -or both -magnetic poles. Before our present survey, only one object -AM Her itself-was known as a radio emitting star.
Recently we have detected a second, much more powerful object, V834 Cen. This object shows flares up to 35 mJy and may have secular radio emission which correlates with the binary period .
Observations
Radio star observations in the past have tended to be sporadic. Since we are now learning that typical objects 'sit' at undetectably low flux levels for long periods, such observations must have missed many such stars. Our approach has been different. We have attempted to observe all the stars in our program on at least 10 different occasions spread over several years. Objects that were detected, of course, received even more attention. Radio continum observations of stars present several problems. First, the stars are often very weak-just a few millijanskys rather than the janskys typical of many quasars and galaxies. This means that the receiving electronics must be state-of-the-art. Secondly, confusion by weak background sources can often give misleading results. We have attempted to get round this problem by observing each star at the same hour angle on each occasion. In this way genuine variations can be discerned much more easily. Finally, the fast time-variability of many radio stars means that accurate flux densities must be measured quickly.
It is to surmount these problems that we have used several different types of radio telescope.
Single-dish observations at Parkes are of most value for initial detections and regular monitoring of many stars. Accurate fluxes can be obtained at the few-millijansky level in about 10 min. Furthermore, polarization can be measured in the same period to an accuracy of about 10% for sources stronger than 50 mJy (e.g. Slee et al. 1987c) .
The interferometer at Tidbinbilla and the synthesis telescopes at Fleurs and Molonglo have played important roles in supplementing Parkes single-dish measurements. In all, the telescopes span a frequency range from 0.834 to 22 GHz, allowing us to measure the radio spectra of stellar flares. These measurements are made possible by the fact that the flux from a typical flaring giant or sub-giant star changes only slowly over many hours; this permits the synthesis telescopes to make accurate maps of the sky around -and including -the star. These maps, as well as providing flux measurements, also yield accurate source positions (around 1 arcsec standard error) which allow us to positively identify the radio source with the star.
Optical observations too have played their role in our program: all the observatories listed in Table 2 have made photometric measurements, allowing us to correlate the radio flares with the corresponding optical data. The photometric measurements have been most useful when they have established stellar light curves showing periodic, low-level modulations (Innis et al. 1985) . Such modulations are caused by the rotation of large, cool areas on the stellar surface past the line of sight. These so-called 'star spots' are believed to be the sites of intense magnetic fields and the extensions of these fields into the chromosphere and corona are probably responsible for the optical, X-ray and microwave flare activity. The main statistics on radio detectability in each of the different classes of star are shown in Table 3 . The reader should note, however, that the Call emission-line class is to some extent a 'catch-all' group and undoubtedly contains many unrecognized RS CVn and Algol-type stars. A much fuller discussion of this aspect of our program is contained in Slee et al. (1987c) . Results of the survey are summarized in Stewart et al. (1987) .
In conclusion: our program has detected considerable numbers of radio stars, the great majority for the first time. The stars are drawn from different classes and undoubtedly the physics of the radio emission will be different too. However, we strongly suspect that an important common progenitor of flaring radio emission in these various systems is a deep convection layer in a fast rotating star. These two effects, convection and fast rotation, act together to bring strong magnetic fields to the surface of the star. Injection of mildly relativistic electrons into these fields gives rise to the bursts of radio emission.
